Introduction
From a global perspective, the last 30 years have been the warmest since accurate records began over 100 years ago. The period has also been remarkable for the frequency and intensity of extremes of weather and climate. An important indicator of climate change is precipitation.
Warming of the Earth's surface causes increased evaporation from both oceans and land, leading to increased atmospheric water vapour and so to increased rainfall. In a warmer world with increased greenhouse gases, average precipitation increases and the hydrological cycle becomes more intense (Houghton, 2009) . Hence, in regions of increased rainfall, larger amounts of rainfall will come from increased convective activity and more really heavy showers and more intense thunderstorms, thus increasing the likelihood of flooding.
Increased storm intensity has been followed by the insurance industry over recent years and costs of weather related disasters over the last 50 years have been tracked. There has been an increase in financial losses due to these events by a factor of over 10 in real terms since the 1950s (Houghton, 2009) . This is partially due to the growth in population in particularly vulnerable areas, such as residential and commercial development in floodplains and to other social or economic factors. However, a large part is due to increased storminess in recent years (Houghton, 2009 ). (Table 1) . This is most pronounced in the winter months, with the East of Scotland experiencing a 36.5% increase and the North and West of Scotland both receiving a 67%-69% increase in precipitation over the 1961 levels.
These changes clearly have an impact and explain why major flooding and landslides have become more frequent in some parts of Scotland. SNIFFER (2016) Research by the UK Climate Impacts Programme (SNIFFER, 2016) has predicted that in the coming decades the number and severity of storm events across Scotland could increase, leading to increased risk of flooding. Data collected from rivers already shows a significant increase in river flows over the last 80 years. Scotland has 50,000 km of rivers and 3,425 km 2 of fluvial flood zone -that's 4.3% of the land area of Scotland. The Scottish Environment Protection Agency (SEPA, 2016) has produced a real time flood map to show the areas at risk of flooding from rivers or the sea. It is estimated that almost 100,000 properties lie in those areas at risk of flooding -approximately 73,300 from rivers and 26,200 from the sea. A total of 3.6% of properties in Scotland are deemed to be at risk from flooding (SEPA, 2016) .
Flooding affects our lives in many ways. It can have serious effects on our health and wellbeing, our homes and businesses and the environment. It isolates communities and causes major disruption to transport networks and to vital services. In 2002, the economic cost of flooding in Scotland was estimated to average £31.5 million per year from inland flooding and £19.1 million from coastal flooding (Werrity et al, 2002) . The estimated losses arising from the Tay/Earn flood of 1993 and the Strathclyde flood of 1994 are £30 million and £100 million respectively. More recently, the average annual financial damage attributable to inland flooding was conservatively estimated to be £20 million (Werrity et al, 2007) . This value is projected to increase by 27% by the year 2020, 68% by the year 2050 and 115% by the year 2080 due to the effects of climate change.
Another climate change effect that is associated with flooding is the rise in sea levels. Sea level rises ranging from >300mm down to 80mm have been predicted around Scotland's coast by 2050 (Werrity et al, 2007) . Results show that, despite the fact that the coastal area at risk from flooding (966 km 2 ) is less than one third of that of inland floodplains (2,950 km 2 ), the number of residential and commercial properties potentially at risk is much higher in coastal areas (93, 830) than inland (77, 191) , reflecting a higher density of settlement and commercial activity (Werrity et al, 2002) .
The size and density of the transportation and residential infrastructure, coupled with the fact that they are located in or adjacent to coastal or river floodplains, the difficulty and considerable expense that would be incurred to retrofit or to relocate vulnerable portions of this infrastructure and the need to keep the systems operational are important considerations for climate change adaptation. Both transportation and residential systems have condition and capacity issues, which add to the climate change problem (Zimmerman and Faris, 2010) . For example, the lack of maintenance of the aging transportation infrastructure in North-East Scotland, coupled with the capacity of the drainage systems which had not been upgraded to meet the climatic change predictions contributed towards numerous instances of washout, debris and mud flows, slope instability and damage to the residential infrastructure systems .
The infrastructure systems also have multiple owners and complex sharing arrangements that pose challenges to introducing adaptation. The same applies to the water infrastructure where the aging infrastructure, a complicated regulatory environment and lack of redundancy pose the biggest challenges to climate change adaptation. The infrastructure sectors described above are interdependent (Rinaldi et al 2001) with often complex relationships between each system.
It is important to identify and define these relationships in order to manage the risks from the effects of infrastructure failure of any part of the system.
In order to ensure value for a project, it is essential to identify and manage the project risks. All parties involved in a project have a role in ensuring that project risks are identified, reported, overcome or managed. Climate, hydrological, and ground conditions are often uncertain and a risk to any project. The risks from these conditions must be managed in a pro-active manner . In addition, the socio-economic risk of uninsurable regularly flooded property and the emotional and financial stresses caused by this and by displacement whilst homes are repaired, are significant (Werrity et al, 2002) , and so action plans to protect the vulnerable in society need to be sensitively and efficiently prepared, relative to the risks presented.
The aim of this study is to confirm the need for and to develop an independent hydrological audit (IHA) methodology to support decision making during the planning process in Scotland.
The objectives of this study include investigation of the climate change effects for a flood-prone area of Scotland, the current planning process and the duties and responsibilities of the statutory stakeholders in relation to transportation, residential and water infrastructure. Based on experiences in other disciplines and best practice, an outline of the proposed methodology is developed for the initial ('in principle') planning application stage of the project life and demonstrated through case histories for the initial stages of planning.
Background

History of recent flooding in Aberdeenshire
As part of the National Flood Risk Assessment (NFRA), SEPA has identified Local Plan Districts based on river catchments and Potentially Vulnerable Areas (PVA) where there is a risk of flooding. The area of concern for this study covers Stonehaven, which lies in the Aberdeenshire (Table 2) were 42% due to coastal flooding, 36% due to river flooding and 22% due to surface water runoff (Aberdeenshire, 2016).
Flood Risk Management in Aberdeenshire
A number of flood protection schemes have been put into place under the Flood Prevention Stonehaven has a community action group that focuses on flood risk and this forms part of the activity of the Stonehaven and District Community Council (SDCC). SDCC is a consultee for any new developments that affect Stonehaven and has raised the concerns that form the basis for the work covered in this paper. 
The planning process and flooding
Role of the Developer
Clearly, the developer's role is to maximise his financial returns for stakeholders and so the most economic SUDS are likely to be applied. These may or may not reflect the wider impacts on floodplains or downstream properties and residences when only impacts local to the proposed site are considered. Also, SUDS techniques that can attenuate rainfall at site, e.g.
green roofs are rarely used in Scotland as they add to load upon the roof structures of buildings and increase construction costs. If they are used, it is usually for environmental or aesthetic reasons and not for flood risk management purposes.
Role of SEPA in flooding -Coordination with river basin management plans
The key legislation underpinning the SUDS requirement is the transposed EU Water Framework C753, 2015: superseding, C697, 2007) and Sewers for Scotland, 3rd edition (2015) which prescribe the minimum requirements for flood risk assessment (Table 3) . 
Scottish planning process, flood authority
Providing plans for flood risk management has been a mandatory requirement for planning applications in Scotland since 2003. These plans include surface drainage and sustainable urban drainage system (SUDS) design, taking into account the impact of the proposed development upon the natural drainage local to and downstream from the development. This includes whether access is available to existing surface drainage, which is managed by Scottish
Water.
Based on hydrological data for the area around a site (SEPA, 2016) schemes are required to attenuate rainfall to no more than natural flows for the 30 year return period and to consider impacts from 100 year and 200 year return period events. The current guidance also asks for the addition of 30% to calculated volumes to account for climate change impacts (CIRIA, C753, 2015) ; an additional 10% above the previous guidance. Ten per cent extra volume must also be added for any site that might incur future urban sprawl impacts. The Local Authority planning department considers planning applications based on a range of factors that are subject to local and regional strategic development plans. These include:
Statutory duties of flood authority
economic and social developments, transport system developments and renewals, environmental impacts, impacts on trade in existing areas of commerce, shopping and leisure.
The consideration of flood impacts, although a statutory duty of the local authority, relies upon the developer's plans, which are usually designed with the assistance of hydrological and hydraulics consultants, who use a range of different design tools and techniques, leading to inconsistency in approach and outcomes for flood risk management.
Results and Discussion
The review of planning regulation and statutory duties of different stakeholders above indicates that there is a clear need for regulation that sets out the procedures to be followed and audit to be used during the process of planning and reporting of all hydrology-related works to ensure that the flooding risk is correctly identified, reported, and managed. The purpose of such regulation would be to provide a clear and consistent framework for recording the management of flooding risk for each planning application or proposed development throughout the life of the project. This regulation framework would be applicable to each project that involves activities that may pose flooding risk to the development, general public, and assets or in the vicinity and/or downstream of the proposed development.
To illustrate the application of the proposed methodology in a flood prone area, three representative case studies have been selected for which the 'in principle' planning applications have been reviewed in line with the IHA requirements relevant for the planning application stage.
Case studies
Case 1
The proposed development is an 'in principle' planning application for construction of a supermarket with petrol station on predominantly hard standing. The site is located in the north part of Stonehaven, close to the River Cowie, which is at risk of flooding together with its tributary, the Megray Burn. The river Cowie flows adjacent to the proposed development, under few local roads, through Stonehaven town centre and into the sea. The site is located adjacent to a major highway development scheme. The developer proposes the use of SUDS for surface water runoff and interaction with the highway development scheme. A connection to Scottish
Water supply and drainage network is assumed.
The review of the submitted documentation showed that the key assumptions we acceptable and sufficiently robust for this stage of planning application. The site specific SUDS proposal was deemed adequate for this stage of application.However, full site investigation for soil classification/description, ground water level determination/ monitoring and any subsequent measures to improve drainage of the soils on site was lacking and would be recommended for inclusion in the later stages. This investigation should include confirmation of the location, operability and condition of the existing drainage system on site and its connection to Megray
Burn in order to more accurately assess the risk of flooding. Due to the envisaged interaction with the highway scheme it was recommended that the developer liaises with the relevant authority before finalising their drainage design, especially to confirm the validity of the assumptions made in the FRA and DIA and the potential for flooding downstream in case of failure of the proposed drainage systems for both supermarket and highway developments. The developer should also liaise with the local transportation authority to confirm the local road drainage network can cope with the risk of the potential overland flow on the access roads to the new proposed development. 
Case 2
The proposed development is an application in principle for construction of a supermarket with 50-bedroom hotel and a restaurant on predominantly hard standing. This application is concurrent with the application described in Case 1. 
Case 3
This 'in principle' planning application is for a mixed use development on land to the south-west of Stonehaven, which is currently under agricultural use. The proposal is for a mixed use residential development and retail space with associated landscaping, a bridge over a major road on a site extending to 64 ha.The proposed development is located in the River Carron basin which is at risk of flooding throughout its flow through Stonehaven. 
Summary of case study findings
Potential application of an independent hydrological audit (IHA) throughout the planning process
The proposed IHA can be used as a planning tool to ensure that hydrological risk is managed if it is applied throughout the lifetime of a scheme. It could be applied to all schemes which involve construction activities and which may pose a risk of flooding to the general public, the Developer, the Flood Authority and/or their assets. The audit could be applied as a series of steps at key stages of a project development. These can be related to the four key stages of decision making process within the lifetime of a scheme, equivalent to best practice documentation in other areas of construction risk management (e.g. HD22/08, Scottish Government, 2008). These stages reflect the major parts of the overall project procurement process and are arranged to be an integral part of the overall project progression to ensure the procurement of the hydrological information necessary to undertake an accurate assessment of project risks. The first stage would be the 'in principle' planning application when the IHA would be applied as demonstrated in the above case studies. The other potential key stages and IHA requirements are listed in Table 8 . The IHA requirements at each stage of the lifetime IHA framework would intend to incorporate interdisciplinarity in terms of covering the flood-related aspects of environmental, geotechnical, and hydrological engineering while using modelling/forecasting within a risk assessment framework. The output of this service which would be periodically assessed throughout the lifetime of the project would be to establish a more accurate representation of surface water impact from developments through the use of adequate green/ blue infrastructure and provide a greater assurance to the communities at risk of flooding.
The project lifetime IHA framework (Table 8) providing 'value for money' which has become more important in many spheres of construction in the last five years (Thomson et al., 2014) .
Applied to real-life case studies in North East Scotland, this study showed that increasing levels of communication and cooperation are needed from a broad spectrum of stakeholders who will have to be engaged in the process in order to manage the flooding risk through the planning application process.Efficient communication and dissemination of the findings from the reports and audits will not only aid the management of flood risks, but also enable learning from the past projects and application of this learning into future projects across the range of stakeholders involved (Mickovski 2013; Thomson et al 2014) .
The proposed IHA can be expanded from the initial stage ('in principle' planning application) to cover the project lifetime. The procedures should be applicable to all projects promoted by the Statutory Body where they are responsible for procurement of both the design and construction, projects promoted by the Statutory Body where the design and construction procurement is the responsibility of a Third Party, the parts of projects promoted by a Third Party, where they adjoin or otherwise affect the Statutory Body's assets, planning applications/projects referred to the Statutory Body for direction, where they adjoin or otherwise affect an asset under the jurisdiction of the Statutory Body. This wide application will give the Statutory Body an overview of the concurrent applications and construction, which is essential for management of the flooding risks to residents and infrastructure especially downstream of the developments.
The IHA reports from various stages of the project can be used to fulfil the requirements of the CDM regulations (Health and Safety Executive, 2015) as they will document the residual project Health and Safety risks and the methods employed to manage these. The IHA reports would be included the tender documentation, the pre-construction information and construction phase plan. They will, subsequently, form part of the Health and Safety File for each project thus providing an insight into the flood risk management throughout the life of the project. If adequately recorded over a longer time period, it can also form part of the building information modelling (BIM) process (Tawelian and Mickovski, 2016) . Assessment of the appropriate design flows and levels at the site. Sufficient information should be provided to audit derivation of design flows and hydraulic models
Plans of the site Extent, depth and any flood flow pathways should be indicated on a scale map of the site for the appropriate return periods. Cross sections of the site showing finished floor levels, access routes or other relevant levels, relative to the source of flooding and anticipated water levels for associated probabilities
Rate of inundation Assessment of the likely rate or speed with which inundation might occur, the order in which various parts of the site or location might flood and the likely duration of floods. Safe access/egress routed to be provided, with likely levels of flooding that might be encountered on these routes. Confirmation of maintenance of routes during the flood event also to be provided.
Plans of new structures
Plans and description of any structures (culverts, screens, embankments or walls, overgrown or collapsing channels, etc) which may influence local hydraulics,and a summary of the findings of any hydraulic modelling including how structures impact water levels on site.
Culverts If culverts cause a significant flow restriction, levels and discharge rates at which flow would overtop the structure should be identified. Likely impacts of blocked culverts also need to be identified.
Hydraulics
As assessment of the hydraulics of all watercourses, drains or sewers, existing or proposed on the site during flood events to assess the risks of secondary flooding.
Climate change Best estimates of the impact of climate change on the probabilities, flood depths and extents for both fluvial and coastal situations.
Mitigation measures Details of flood mitigation measures/strategies to be employed. in the case of ground raising, estimates should be made of the volumes of water which would be displaced from the site for various flood levels following the development of the site. Details of how compensatory flood storage would be implemented.
Displaced water An assessment of the likely impacts of displaced water on neighbouring or other locations,which might be affected subsequent to development -this applies also to coastal locations.
Ecology A brief assessment of the potential impact of any development on fluvial or coastal ecology, habitat or morphology and the likely longer term stability and sustainability, including WEWS Act requirements Two levels of treatment to be provided for road and parking surface water and one for roofing runoff via a detention tank. Road and parking to have permeable paving with discharge to a sub-storage tank.
3.FRM Cumulation of flood issues from other developments in the same catchment, e.g. AWPR road nearby needs to be considered. Indication in SEPA maps/local data that there has not been flooding at the site in the past is not a guarantee that cumulation will not cause flood risk in future.
Permissions will be needed from Scottish Water for surface and sewer discharges from petrol station areas to discharge via oil separators. The receiving water for treated surface water may be affected by other local new developments (e.g. AWPR) and this needs to be checked at later planning stages. 
